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A model of clinical query management is described
that supports the integration of various types of
biomedical information and the delivery of that
information through a common interface. The model
extends the architecture of the World Wide Web to
include a Common Gateway Interface (CGI) mediator,
which takes in user queries, performs syntactic and
semantic processing to transform the input to a
canonical fornm, selects the appropriate information
sources to answer the query, translates the canonical
query statement into a query of each information
resource, queries the chosen information sources in
parallel, and controls the analysis and display of
results. We describe WebMedline, a CGI mediator that
implements portions of this model, and discuss the
benefits and limitations of this approach.

INTRODUCTION
Studies have shown that information needs that arise

in clinical practice are frequently unmet [1, 2]. Some
of the barriers to satisfying these needs include lack of
up-to-date information resources, poor organization of
available information, ignorance of the availability of
relevant information, lack of time for searching, and
uncertainty about the scientific validity of published
information [1].
Progress could be made if up-to-date information

relevant to the need were rapidly available at the point
of care. Electronic resources such as bibliographic
databases, on-line textbooks, and drug databases
provide an attractive means of delivering such
information because of the speed by which these
sources can be searched. In the era of the Internet,
additional advantages are realized when information
sources are available over wide-area networks: cen-
tralized maintenance of content, rapid updates of in-
formation, and distribution of cost across larger user
communities. Using the World Wide Web architecture,
further benefits accrue because information can be
displayed in hypermedia through a common interface
on a variety of computing platforms.
However, there still exist many barriers to the use of

network-based electronic information for answering
clinical questions. The first barrier is computer liter-
acy. The second barrier is the lack of knowledge of
available resources and which one is best suited to an-
swer a particular question. The third barrier is the dif-
ficulty in learning the user interface for each informa-
tion resource, including where the resource is located,
how to issue queries in the specialized search lan-
guage, and how to manage the display of results.
Consequently, most practicing clinicians do not have

the knowledge and experience needed to translate an
information need quickly into a sophisticated query of
an appropriate database. Therefore, models of clinical
query management are needed that support the
expression of information need and that orchestrate the
retrieval, integration, and display of information from
disparate network-based information sources.

BACKGROUND
The World Wide Web
The World Wide Web architecture was developed by

Berners-Lee [3] and is based on a generic object-
oriented protocol, the Hypertext Transfer Protocol
(HTTP). This protocol manages requests in the form of
a Uniform Resource Locator (URL) and delivery of
information as a Multipurpose Internet Mail Extension
(MIME) objects. The most common objects delivered
by the HTTP protocol are documents written in the
Hypertext Markup Language (HTML), a subset of the
more general Standard Generalized Markup Language
(SGML) [4]. HTML adds structure to ASCII text
documents, and WWW browsers (such as Mosaic or
Netscape) use this structure to display the text in a
graphical manner. Beyond designating the structure of
documents, HTML provides a syntax for embedding
graphics, images, sounds, and video, as well as
hyperlinks to other documents [3].
One of the main tenants of the HTTP protocol is that

it is stateless: after the HTTP server returns the
requested information, the session is terminated. No
information about the state of the user is maintained.
Because many interactive processes require
maintenance of state information, developers have
maintained state information in hidden fields ofHTML
forms or in databases resident on the server.
To support the processing of user input, the Common

Gateway Interface (CGI) standard was developed. This
standard assures that WWW browsers, HTTP servers,
and external processes communicate using a standard
set of parameters. When a hyperlink or HTML form is
used to initiate a CGI process, the HTTP server
receives the request, starts the CGI process with the
parameters submitted by the user, waits for the output
of the CGI, and delivers the output to the browser. The
CGI application can use the supplied parameters to
perform almost any task: make a database query,
annotate a document, or send an electronic mail
message.
Information integration
The goal of integrating biomedical information for

clinicians is not a new one. In fact, the National
Library of Medicine's (NLM) Unified Medical
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Language System (UMLS) was developed with this as
one of its main goals [5]. Several groups have used the
UMLS as the centerpiece of their information-
integration models [6, 7]. Some other projects, such as
[8], have used the UMLS to created links between
clinical data and relevant bibliographic information.
Investigators in the fields of database theory [9] and
artificial intelligence [10] have also proposed models
that support data and information integration. What
distinguishes our model from other work is its
emphasis on integration of network-based biomedical
information and its support for display of information
in hypertext.

METHODS
The general architecture of the clinical query model

is composed of five components (Figure 1): (1) a
WWW Browser, (2) an HTTP server, (3) a CGI
mediator, (4) a representation of medical concepts, and
(5) information resources accessible over wide-area
networks. The steps required to issue a query and to
display the results include: the user fills in an HTIML
form, submits the contents of the form, and waits for
the output of the CGI process to be displayed by the
browser. The CGI mediator performs six tasks, as
shown by the bullets in Figure 1. Each task of the CGI
mediator is discussed below, after the discussion about
user input.
User input
The user interface is constructed using HTML forms.

Although the general model does not require a specific
type of interface, it is desirable that the interface
constrain input enough to facilitate its semantic
processing. One way to constrain user input while
maintaining expressivity is to provide templates that
encode generic types of queries. As has been pointed
out by other authors [6,11,12], most clinical questions
map to a limited set of query types. This knowledge
can be used to develop input templates that allow
expression of clinical questions.
Other characteristics that can aid in semantic

processing are characteristics of the user, such as level
of medical training, specialty, and degree of
experience with computers. This user profile helps to
select the best information source to answer the user's
question and infer the best way to summarize and
display results. This information can be obtained dur-
ing an initial user session, and then be retrieved from a
user-profile database when additional sessions are ini-
tiated.
Another useful characteristic is the goal of the user's

question. Prior authors [12,13] have enumerated
common types of goals, but have done so in a limited
domain. More extensive investigation is required to
identify a more general set of goal types. Such infor-
mation can help narrow the scope of the query.
Syntactic processing
Once the CGI mediator receives the user input, it

performs syntactic processing. Extraneous characters
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Figure 1. The model for clinical query management

and stop words are removed and stemming algorithms
are used to derive word roots from input.
Semantic processing
In this step the input is processed to identify

semantic content. Synonyms are mapped to a single
concept identifier and object types for each concept are
identified or inferred. The user profile and purpose of
the query are used to support this semantic analysis.
Required for semantic analysis is a representation

that contains medical concepts, their semantic types,
and their inter-relationships. The representation can be
used to identify more general and specific concepts,
which provides a mechanism for creating a more or
less general canonical query representation. A repre-
sentation that would support this model is the UMLS
[5]. The UMLS Metathesaurus can be used to map
query strings to concepts and the Semantic Network
can aid in inferring relationships among concepts. An
anticipated problem with using the UMLS is the cur-
rent lack of depth of concepts for clinical findings
[14]. Other representations that contain more
knowledge of concepts and relationships but have
narrower scope could also provide support for this
model.
Selection and prioritization of information sources
The user-profile and purpose of the query, together

with the canonical query representation, are used to
infer how the information sources should be selected
and prioritized. Examples include rules such as those
in the UMLS Information Sources Map [5], proba-
bilistic networks [13], or even neural networks.
Translation of concepts into queries
Once concepts and relations have been identified

from the user input and the information sources have
been selected, the concept must be translated into the
query language of each of the chosen information
sources. Separate translators are created for each in-
formation resource to allow resources to be added and
removed without disruption to the entire system.
Translators can be implemented by using the UMLS to
map the query in its canonical form to the source
vocabulary, if the source vocabulary is represented in
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the Metathesaurus. If the information source is not
represented in the Metathesaurus but can be queried by
full-text algorithms, the Metathesaurus can be used to
construct a query statement using the synonyms and
lexical variants of its core concepts [5].
Process management
Once the information sources have been chosen and

the query statement has been composed, the CGI me-
diator queries each of the individual information
sources. Required tasks include opening a session with
each information source using an agreed upon proto-
col, navigating the logon sequence, issuing the query
statement, designating the display format, collecting
the output, and closing the session. When more than
one resource is being queried at a time, simultaneous
processes are initiated and these processes are coordi-
nated so that their output is not intermingled.
Display management
Once the results of all processes are available, the

display manager performs analysis of the retrieved in-
formation. Analysis is necessary if the display of out-
put is to be different than the output from the individ-
ual information resources. For example, the output
from an information system that displays information
in reverse chronological order, might be analyzed for
the number and location of the query terms in the out-
put. This analysis could be used to resort or filter the
output
Once analysis of output is completed, the display

manager controls how information from each resource
is summarized, how information is integrated across
resources, and how character-based information is
transformed into hypertext

RESULTS
To explore the general model summarized above, we

have developed an application named WebMedline, a
hypertext interface that replaces a standard, character-
based Medline interface. In an experimental version,
WebMedline retrieves citations from the Medline
database and integrates them with critical reviews of
these citations published by the American College of
Physicians in the ACP Journal Club. The WebMedline
Mediator parses user input submitted via an HTML
form, queries both Medline and the ACP Journal Club
databases, integrates the output of the two searches,
and displays the results in hypertext.
WebMedline
WebMedline is a hypertext interface to Melvyl

Medline, a database maintained by the University of
California [15]. The standard method of accessing
Melvyl Medline is to initiate a terminal-based Telnet
session, logon to the Melvyl host, navigate the opening
prompts, issue queries in the Melvyl Medline query

language, and display results using a specialized
language.
In contrast, WebMedline moves Medline to the

World Wide Web by providing an HTML form, which

the user fills out and submits for processing (Figure 2).
Users enter text into predefined fields, such as Author,
Title, Journal, and Keyword. In addition, they can

choose from pop-up menus the database years, the
between-field Boolean operator, the display type, and
number of citations to retrieve. Finally, they can

choose to constrain the search by standard limiters
such as "English only," "Human subjects only," and
"Publication Type" (e.g., randomized controlled trial).
When the contents of the HTML form are submitted,

they are passed by the HTTP server to the CGI media-
tor. The mediator first performs syntactic processing
by removing stop words and by stemming words to
their roots. The WebMedline mediator performs se-

mantic analysis in a limited fashion by querying the
thesaurus function built into Melvyl Medline.
Keywords entered in the HTML form are mapped to
possible MeSH by a synonym-lookup algorithm. No
automated mechanism currently exists to resolve
ambiguities between words that have more than one
meaning. Instead, the related MeSH terms are

displayed to the user and the user chooses the term that
best represents his intention. The current result of the
syntactic and semantic processing is a query

Figure 2. The results of a WebMedline search. The
top portion of the page shows a new HTML form,
whic-h the user can use to further refine the query. For
instance, the user can choose one of the MeSH terms
that was returned as a by-product of the prior search.
The bottom portion of the page contains the results of
the search. ote that if a Medline or ACP Journal
Club abstract exists for a particular citation, a
hyperlink has been created dynamically. Also note that
a user can select a number of citations by checking the
box in front of the article and redisplay the selected
citations in another form (e.g., with their abstracts).
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representation that is more canonical than the original
input, but is not the most general canonical
representation envisioned by our model.
The translation process then begins: field descriptors

are added to the values entered in particular fields and
a Boolean statement is created by appropriate nesting
of Boolean phrases. Once the information resource has
been chosen (in this case, deterministically) and the
query statement has been composed, the process
manager proceeds to query each information resource.
For the interaction with the Melvyl Medline database,
WebMedline establishes a Telnet session with the
Melvyl host, navigates the logon procedure and the
opening prompts, issues the query statement, requests
information in a particular format, and closes the
Telnet session. It then parses from the Melvyl Medline
output the NLM unique identifier for each citation and
queries the ACP Journal Club database for reviews
that have the same unique identifier. The query results
from the two sources are then passed to the display
manager.
The display manager performs analysis of the com-

bined output, integrates the contents, and marks up the
character-based output in hypertext. For the "citation
only" display format, the mediator creates an "Abstract
available" hyperlink when it encounters a flag that
indicating a Medline abstract exists for the citation. In
addition, if an ACP Journal Club review exists for a
particular citation, a dynamic hyperlink is created.
Because the HTTP protocol is stateless, the hyperlink
must identify the source of the information and a
unique identifier or path to the information to assure
that the information can be retrieved during a new
session with the information source.
WebMedline has undergone extensive testing at the

University of California, San Francisco and Stanford
University. During a 4-month testing phase, we made
WebMedline available by word of mouth to users on
the two campuses. During this trial period, we
captured log data that included the user ID, computer
address, date and time of the request, query statement,
number of citations returned, number of MeSH term
retrieved by keyword lookup, display type, and goal of
the search. From this data a complete trace can be
made of each session.
Preliminary analysis of the log data shows that users

performed 12,482 searches during the trial period. The
average time to perform a query was 10.1 seconds. A
WebMedline "session," the number of consecutive
searches of the database by a particular user, averaged
4.7 queries with a range of 1 to 26 queries, and lasted,
on average, 3 minutes and 40 seconds. Of those who
used WebMedline once, 48% returned to run a search
at a later date. By the end of the 4-month trial, 10% of
Medline sessions initiated from the Stanford campus
used the WebMedline interface. With further analysis
of the log data and correlation with satisfaction
measures we expect to gain further insight into how
users navigate through the WebMedline searching

process, and how well the results meet the user's
information need.

DISCUSSION
Integration of biomedical information using the

World Wide Web architecture offers many advantages.
First, WWW browsers, HTML forms, and CGI media-
tors allow simplified access from a variety of platforms
to searchable information scattered across the Internet.
Particularly important for busy clinicians, the WWW
architecture provides a mechanism for shielding users
from needing to know details of Internet protocols or
the location of information resources. It also supports,
through CGI applications like the WebMedline
mediator, the ability to shield users from needing to
know the query language of each information source.
Instead, developers can design user interfaces that
more closely match the needs and abilities of the user
and let CGI mediators map data entered into the
interface to the language of each information resource.
An additional advantage of theWWW architecture is

the potential for integrating information that resides in
disparate locations, that is structured in different ways,
and that is searched by different information-retrieval
methods. At a time when medical information is mi-
grating from legacy systems to more structured
databases, this architecture provides glue that can
bring together information that resides in different
types of environments.
An additional advantage is the ability to display the

results in hypertext. The power of hypertext is that it
enables hierarchical browsing and filtering; in an ini-
tial display of information, a summary can be pre-
sented with hypertext links to more detailed or related
information. WebMedline takes advantage of
hypertext capabilities by presenting citations in their
most basic form and allowing users to explore Medline
abstracts or ACP Journal Club reviews by following
hyperlinks.
WebMedline and the Web-based architecture that

support it are not without their disadvantages, how-
ever. Limitations of the interface-building facilities,
absence of a standard method for maintaining state in-
formation, and lack of unique identification of
documents constrain what can be done using the
current instantiation of the architecture.
Although the HTML syntax allows creation of forms

for various types of user input, it has considerable limi-
tations. First, only a small number of interface objects
are currently supported, and no type-checking is possi-
ble within a particular field. Second, no facility exists
for creating dependencies between interface objects.
For instance, if a user chooses a particular database in
WebMedline, there is no way to change other interface
objects to reflect those options available only for that
particular database. The result is that if a form is be
used to submit queries to several databases, it must
contain interface objects that represent the intersection
of all objects that would be used for each individual
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information source. If the databases contain very
different types of information, then the intersection of
interface features could be small enough to make the
common interface useless.
Another limitation of the current architecture is lack

of a standard method for maintaining state. For exam-
ple, when a user submits a query to WebMedline, the
user receives back as one document both citations
marked up in hypertext as well a copy of the original
HTML form. The HTML form shows the standard in-
terface objects, but also inserts in the fields the infor-
mation that was entered for the previous search. This
feature allows users to refine their query without enter-
ing all the original data. To accomplish this using the
current architecture, state information is inserted in
each version of the HTML form. Some information is
entered as default information in the fields, while other
information is embedded using hidden fields. This
method of maintaining state in inefficient, because all
the state information needs to be carried back and forth
over the network. A more efficient approach is to
maintain some state information in a database residing
on the server. Principled methods for saving such state
information need to be developed.
Finally, the integration of information from disparate

resources can only be accomplished if standardized,
unique document identifiers are used by information
providers. Without such standard identifiers,
incompatible naming conventions will proliferate and
limit the potential for inter-resource linking. As an
example of the difficulty linking resources without
standard identifiers, we had to add NLM unique
identifiers to each ACP Journal Club document in
order facilitate the creation of hyperlinks from Medline
to the Journal Clubs. Text-processing routines were
needed to parse from the Journal Clubs the author,
title, and journal of the article being reviewed. These
parameters were then used in a batch process to lookup
and store the NLM unique identifier in each Journal
Club document. Such brute-force methods of
integration could be avoided if information scientists
and medical publishers work together to establish
standards that specify how unique identifiers should be
assigned to and embedded in medical documents.
Proposed standards such as the Serial Item and
Contribution Identifier (SISAC) forwarded by he
American National Standards Institute [16] may be a
useful starting place for creating such a standard.

CONCLUSION
We have developed a model for clinical query man-

agement that supports the integration of network-based
information resources. The model supports the asking
of clinical questions of a single, simplified interface and
the prioritized retrieval and display of information from
disparate, widely distributed information sources. The
lessons learned during both the building of
WebMedline and the integration of WebMedline with
the ACP Journal Club reviews, point to further research
that is required to achieve the goal of delivering

relevant information to practicing clinicians at the point
of care. Further work in medical knowledge rep-
resentation that support clinical queries, extension of
the HTML syntax, creation of a standard to manage
state information, and standards for unique
identification of documents are all required to meet this
goal.
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